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MODULATING PDX-1 WITH PCIFK1,
METHODS AND USES THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Phase Application of PCT
International Application No. PCT/US08/02792, Interna-

tional Filing Date Mar. 3, 2008, claiming priority of U.S.
Provisional Patent Application, 60/904,364, filed Mar. 2,

2007, both which are incorporated herein by reference in their
entirety.

GOVERNMENT INTEREST

This invention was supported, 1in part, by funding from the

NIH. The government may have certain rights in the inven-
tion.

FIELD OF INVENTION

This imnvention 1s directed to PCIF1 and 1ts use as a target for
the improvement of pancreatic islet p cell mass and function
in diabetes. Specifically, the mvention relates to the use of

compounds capable of modulating the expression or function
of PCIF1 and their effect on the function of Pdx-1.

BACKGROUND OF THE INVENTION

Diabetes results from an imbalance between insulin pro-
duction by the pancreatic p-cell and msulin action on meta-
bolic tissues such as the liver, fat and muscle. In type 1
diabetes, an autoimmune attack on endogenous cells p results
in nearly absolute 1insulin deficiency, whereas 1n type 2 dia-
betes, resistance to the action of insulin 1s a major component
of the pathophysiology. Pancreatic 3 cells have remarkable
ability to compensate for mnsulin resistance, by increasing
insulin synthesis and secretion and by expanding the number
of [ cells. Therefore, hyperglycemia and the attendant com-
plications of chronic hyperglycemia on the kidney, eye, and
heart, causing blindness, kidney failure and heart disease,
result only when [ cells can no longer compensate due to
genetic or environmentally induced insults. Therefore, efforts
to understand the development of islet beta cell mass and to
promote 1slet compensation for insulin resistance may lead to
successiul therapeutic strategies for the treatment of all forms
ol diabetes.

PDX-1 1s a Hox type homeodomain-transcription factor
that 1s pivotally positioned 1n the transcriptional hierarchy
governing [3 cell development. PDX-1 1s expressed in a bipha-
s1¢ manner during embryonic and fetal pancreas development
and 1t plays two critical roles, first 1n the early development of
both the endocrine and exocrine pancreas, and then 1n the later
differentiation of the {3 cell. Deficiencies in Pdx1/IPF-1 show
pancreatic agenesis, whereas heterozygous PDX-1 mutation
leads to the development of an 1nitially normal morphological
mass of 3 cells but impaired {3 cell function, leading later to
abnormal glucose tolerance 1n mice and early-(MODY4) and
late-onset forms of type 2 diabetes 1n humans. PDX-1 1s
recognized as a transcriptional activator of key 1slet and f3 cell

specific genes, including insulin, somatostatin, Glut2, and
[APP.

Therefore modulation of PDX-1 presents a potential thera-
peutic pathway target in the treatment of several pathologies
associated with abnormal glucose metabolism.

SUMMARY OF THE INVENTION

In one embodiment, the mvention provides a method of
increasing pancreatic p-cell mass 1n a subject, comprising the
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2

step of contacting a cell of said subject with a composition
comprising an anti-PCIF1 antibody capable of inhibiting
binding of PCIF1 to PDX-1, thereby increasing pancreatic
3-cell mass 1n a subject.

In another embodiment, the invention provides a method of
increasing pancreatic p-cell mass 1n a subject, comprising the
step of contacting a cell of the subject with a composition
capable of inhibiting the expression of a nucleotide sequence
encoding PCIF1, thereby increasing pancreatic [3-cell mass in
a subject.

In one embodiment, the invention provides a method of
increasing glucagon-producing o.-cell mass 1n a subject, com-
prising the step of contacting the cell with a composition
comprising a nucleotide sequence capable of imhibiting the
expression of a nucleotide sequence encoding PCIF1, thereby
increasing glucagon-producing a.-cell mass 1n a subject.

In another embodiment, the invention provides a method of
treating glucose mtolerance 1n a subject, comprising the step
of 1nhibiting the expression or function of PCIF1 or an
encoded protein thereof.

In one embodiment, the invention provides a method of
inhibiting or suppressing glucose intolerance in a subject,
comprising the step of inhibiting the expression or function of
PCIF1 or an encoded protein thereof.

In another embodiment, the invention provides a method of
reducing symptoms associated with glucose intolerance 1n a
subject, comprising the step of inhibiting the expression or
function of PCIF1 or an encoded protein thereof.

In one embodiment, the mvention provides a method of
increasing endogenous levels of PDX-1 in embryonic stem
cells (ES) comprising the step of downregulating the expres-
sion ol PCIF1 1n the embryonic stem cells, thereby promoting
of 3-cell differentiation.

In another embodiment, the invention provides a method of
preventing degradation of PDX-1 protein levels in adult
human {3 cells comprising the step of downregulating the
expression of PCIF1 gene, thereby decreasing 3 cell apopto-
s1s, Increasing replication and differentiation.

In one embodiment, the invention provides a method of
reducing the number of islets needed to achieve cure 1n a
diabetic subject treated with 1slet transplantation, comprising
the step of transplanting 1n the subject islet cells comprising
downregulated PCIF1 expression or function, thereby
increasing [3-cell mass.

In another embodiment, the invention provides a method of
screening a set of compounds for a compound capable of
modulating [ cell mass, increasing new {3 cell differentiation
from progenitor cells, decreasing [3 cell apoptosis, increasing
replication of existing 3 cells, imncreasing differentiation of
new o cells from progenitor cells, or their combination, com-
prising the steps of: contacting a 3 cell with a candidate
compound; and analyzing the p cell for the expression of
PCIF1 gene, or capability of its encoded protein to bind to
PDX-1, whereby a candidate compound capable of inhibiting
the expression of PCIF1 gene, or capability of 1ts encoded
protein to bind to PDX-1 1s a candidate compound for increas-
ing [ cell mass, increasing new 3 cell differentiation from
progenitor cells, decreasing p cell apoptosis, increasing rep-
lication of existing {3 cells, increasing differentiation of new o
cells from progenitor cells, or their combination.

In one embodiment, the invention provides a method of
treating congenital hyperinsulinism (CHI) 1n a subject, com-
prising the step of contacting the subject with a composition
comprising a compound capable of increasing the expression
of PCIF1 or 1ts function 1n the subject.

Other features and advantages of the present invention will
become apparent from the following detailed description
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examples and figures. It should be understood, however, that
the detailed description and the specific examples while 1ndi-
cating preferred embodiments of the mnvention are given by
way of 1llustration only, since various changes and modifica-
tions within the spirit and scope of the invention will become

apparent to those skilled in the art from this detailed descrip-
tion

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be better understood from a reading of
the following detailed description taken 1n conjunction with
the drawings in which like reference designators are used to
designate like elements, and 1n which:

FIG. 1 shows 1dentification of PCIF1, a novel nuclear pro-
tein that inhibits PDX-1 transactivation. Diagram depicting
the domain structure of PCIF1;

FI1G. 2 shows interaction of endogenous PDX-1 and PCIF1
in MING insulinoma cells. Cell extracts were immunoprecipi-
tated with o-PDX1 and immunoblotted with a-PDX1 and
a-PCIF1. Lane 1, 2% of mput extract; Lane 2, pre-immune
IP; Lane 3. a-PDX-1 IP;

FIG. 3 shows PCIF1 mRNA levels during pancreas devel-
opment. Total RNA 1solated from pancreas at the ages indi-
cated, reverse-transcribed and assessed for PCIF1 mRNA by
quantitative real time PCR. Data normalized to actual cDNA
input, as measured on a Nanophot apparatus. The peak at E18
remains when the data are normalized to HPRT or TBP:

FIG. 4 shows development of an etffective PCIF1 siRNA.
Co-transiection of scrambled (scr) control or PCIF1 siRNA
plasmid with Flag-PCIF1, Gal4-PDX-1 and G31BCAT in
Hela cells. (A) Western blot analysis for PCIF1 and actin
(loading control) of protein extracts harvested at 3 and 5 days
alter transfection. (B) Gal4 reporter activity normalized for
internal control [3-galactosidase activity;

FIG. 5 shows evolutionary conservation of PCIF1 func-
tion. Transactivation was tested in transient transiection
assays 1n Hela cells using the SMS(TAAT1).CAT reporter.
The activity of each PDX homolog (mouse, rat, human and
zebrafish) 1n the absence of PCIF1 was set to 100% (black
boxes), for comparison to activity in the presence of PCIF1
(shaded boxes);

FIG. 6 shows internal deletion of AA 210-238 abrogates
PCIF1 repression of PDX-1 transacti-vation. The activity of
mPDX-1 A210-238 was compared to wild-type mPDX-1 in
the absence (black boxes) and presence (shaded boxes) of
co-transiected PCIF1. Transfections carried out in Hela
cells, using the SMS(TAAT1).CAT reporter. N=3;

FIG. 7 shows that TD-POZ 1, 2 and 3 do not mimic the
ability of PCIF1 to inhibit PDX-1 transactivation. Mouse
PDX-1 was co-transiected with empty vector or Flag tagged
mouse PCIF1. TD-POZ 1, 2 or 3 and the SMS(TAATl)SCAr_
reporter. N=2. Insert, Westem blot analysis using Flag anti-
body, showing expression of all TD-POZ forms;

FI1G. 8 shows PCIF1 deletion mutants reveal critical impor-
tance of the POZ domain for inhibition of PDX-1 transacti-
vation. Overlap PCR was used to create Flag tagged PCIF1
deletion mutants, outlined in (B). (A) Mutants were tested 1n
transient transiection assays for the ability to inhibit Gal4-

PDX-1 transactivation of the G51B CAT reporter (n=2-5

exp’ts). Transactivation of Gal4-PDX-1 in the absence of

PCIF1 1s set to 100%. (C) GST pull-down assay using GST
PDX 206-283 to pull-down °>S-labelled in vitro transcribed/
translated full-length PCIF1 (FL) and mutants N'T and PC;
FI1G. 9 shows that PCIF1 represses the insulin promoter in
the MING cells. Insulin promoter reporters rat INS1 CAT and

rat INS2 CAT were transiected into MING cells 1n the pres-

5

10

15

20

25

30

35

40

45

50

55

60

65

4

ence of varying amounts of PCIF1 expression vector (0, 250
and 500 ng). Data are normalized to internal control {3 galac-

tosidase activity, and fold repression relative to O ng PCIF1 1s
presented. N=2+SEM. Fach experiment was carried out in
triplicate. *p<<0.05, **p<0.005;

FIG. 10 shows heterozygous and homozygous PCIF 187"
and PCIF18”* mice of both genders have about double the
b-cell area of PCIF1** mice:

FIG. 11 shows delayed acinar differentiation in PCIF 187"
mice; and

FIG. 12 shows increased PDX-1 level in PCIF18#¥* mice.

FIG. 13 shows reduction of PCIF1 normalizes glucose
tolerance 1n Pdx1+/- mice;

FIG. 14 shows {fasting hyperglycemia and hyperglu-
cagonemia in Pdx1+/-PCIF1 gt/+ mice;

FIG. 15 shows that over-expression of PCIF1 and cullin-3
promotes Pdx1 degradation by the proteasome;

FIG. 16 shows p-cell mass 1n 4 year old males; and

FIG. 17 shows that PCIF1 and Cul3 promote PDX-1 ubig-

uitination.

DETAILED DESCRIPTION OF THE INVENTION

This invention relates in one embodiment to PCIF1 and 1ts
use as a target for the improvement of pancreatic 1slet 5 cell
mass and function in diabetes. Specifically, the invention
relates to the use of compounds capable of modulating the
expression or function of PCIF1 and their effect on the tunc-
tion of Pdx-1.

In one embodiment, the invention provides a method of
increasing pancreatic p-cell mass 1n a subject, comprising the
step of contacting a cell of said subject with a composition
comprising an anti-PCIF1 antibody capable of inhibiting
binding of PCIF1 to PDX-1, thereby increasing pancreatic
3-cell mass 1n a subject.

In one embodiment, pancreatic duodenal homeobox 1
(Pdx-1) 1s one of the earliest markers of pancreatic morpho-
genesis. Its expression 1s also maintained throughout the life
of the {3-cell, indicative of 1ts crucial role 1n normal 3-cell
development and function. Pdx-1, referred to in certain other
embodiments as Ipf-1, Idx-1, Sti-1, GSE, and IUF-1 1s a
transcription factor expressed 1n pancreatic 1slets and duode-
num that transactivates the nsulin and somatostatin genes.
Targeted disruption of the Pdx1 gene leads 1n one embodi-
ment, to the failure of pancreas formation, and in another
embodiment, a homozygous 1nactivating Pdx1 mutation 1s
associated with congenital pancreatic agenesis, underscoring
the critical role of Pdx1 1n early pancreas formation.

In 1nsulin resistant states 1n one embodiment, and 1n hyper-
glycemia in another embodiment, Pdx-1 1s required for com-
pensatory [3-cell proliferation and islet hyperplasia. In two
different models of insulin resistance, insulin receptor/insulin
receptor substrate-1 (IR/IRS-1) transheterozygous mice and
liver specific insulin receptor knockout mice (LIRKO), hap-
loinsufficiency for Pdx-1 limited 3 cell proliferation required
for compensatory 1slet hyperplasia and hyperinsulinemia that
1s otherwise seen. In another embodiment of insulin resis-
tance, Pdx-1 haploinsuificiency superimposed on heterozy-
gosity for glucose transporter (Glut4+/-), while decreasing
isulin levels, does not atlect compensatory 1slet hyperplasia.
Therole of Pdx-1 inregulation of p-cell mass 1s evident in one
embodiment 1n IRS2-null mice which have reduced Pdx-1
expression and develop diabetes at 2 months of age. In
another embodiment, further reduction 1in Pdx-1 exacerbates
diabetes, while Pdx-1 overexpression in these mice 1s asso-
ciated with a two-fold increase 1n beta-cell area, 1slet size and
beta-cell proliferation, as well as improvement in glucose
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tolerance. In one embodiment, contacting a cell of said sub-
ject with a composition comprising a composition capable of
inhibiting expression or function PCIF1 using the methods
provided herein, such as 1n the use of an ant1-PCIF1 antibody
capable of inhibiting binding of PCIF1 encoded by PCIF1 to
PDX-1, results 1n increased insulin secretion.

In another embodiment, increase 1n [3-cell mass affected
using the methods provided herein, 1s due to increased differ-
entiation of new {3 cell formation from undifferentiated pro-
genitors. In one embodiment, reduction in the expression or
tfunction of PCIF1 using the methods provided herein, delay
acinar development in pancreatic cells (FIG. 11). Therefore 1n
one embodiment, the increase 1 [-cell mass atiected using
the methods provided herein is the result of increased repli-
cation of existing 3 cells.

The pancreas 1s composed of at least three types of ditfer-
entiated tissue: the hormone-producing cells in islets, the
exocrine zymogen-contaimng acini, and the centroacinar
cells, ductules and ducts (ductal tree). All of these cells appear
to have a common origin during embryogenesis in the form of
duct-like protodifferentiated cells. Later in life, the acinar and
ductal cells retain a significant proliferative capacity that can
ensure cell renewal and growth, whereas the islet cells
become mitotically 1nactive.

The functional unit of the endocrine pancreas 1s the 1slet of
Langerhans which are scattered throughout the exocrine por-
tion of the pancreas and are composed of four cell types:
alpha-, beta-, delta-, and PP-cells. Beta-cells produce insulin,
represent the majority of the endocrine cells and form the core
of the islets while alpha-cells secrete glucagon and are
located 1n the periphery. Delta-cells and PP-cells are less
numerous and secrete somatostatin and a pancreatic polypep-
tide respectively. Insulin and glucagon are key regulators of
blood glucose levels. Insulin lowers blood glucose levels by
increasing its cellular uptake and conversion into glycogen.
Glucagon elevates blood glucose levels by intervening 1n the
breakdown of liver glycogen. Type 1 diabetes 1s characterised
in one embodiment, by an autoimmune destruction of insulin-
producing 3-cells. Type 2 diabetes 1s characterised by msulin
resistance and impaired glucose tolerance where insulin 1s not
eificiently used or 1s produced 1n insuilicient amounts by the
3-cells.

In one embodiment, the term “progenitor cell” refers to any
somatic cell which has the capacity to generate fully differ-
entiated, functional progeny by differentiation and prolifera-
tion. In another embodiment, progenitor cells include pro-
genitors from any tissue or organ system, mcluding, but not
limited to, blood, nerve, muscle, skin, gut, bone, kidney, liver,
pancreas, thymus, and the like. Progenitor cells are distin-
guished from “differentiated cells,” which are defined as
those cells which may or may not have the capacity to prolit-
erate, 1.e., self-replicate, but which are unable to undergo
turther differentiation to a different cell type under normal
physiological conditions. Moreover, progenitor cells are fur-
ther distinguished from abnormal cells such as cancer cells,
especially leukemia cells, which proliferate (self-replicate)
but which generally do not further differentiate, despite
appearing to be immature or undifferentiated.

Progenitor cells include 1in another embodiment, all the
cells 1n a lineage of differentiation and proliferation prior to
the most differentiated or the fully mature cell. Thus, 1n one
embodiment, progenitors include the 3-cell progenitor 1n the
mature individual, which 1s capable of differentiation to only
one type of cell, but which 1s 1tself not tully mature or fully
differentiated. Production of mature, functional [3-cells
results from proliferation and differentiation of “‘unipotential
progenitors,’ 1.€., those progenitors which have the capacity
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to make only one type of cell. In one embodiment, 1nsulin-
producing [3 cells are dertve from pancreatic endocrine pro-
genitors expressing the transcription factor neurogenin 3
(NGN3; also known as Atoh5 and Relax).

In one embodiment, an uncommitted progenitor cell such
as embryonic stem cell, 1s described as being “totipotent,” 1.e.,
both necessary and suflicient for generating all types of
mature cells. Progenitor cells which retain a capacity to gen-
erate all pancreatic cell lineages but which can not self-renew
are termed “pluripotent.” In another embodiment, cells which
can produce some but not all pancreatic lineages and can not
self-renew are termed “multipotent™.

In one embodiment, the term “antibody” includes com-
plete antibodies (e.g., bivalent 1gG, pentavalent IgM) or frag-
ments of antibodies which contain an antigen binding site in
other embodiments. Such fragments include in one embodi-
ment Fab, F(ab'),, Fv and single chain Fv (scFv) fragments. In
one embodiment, such fragments may or may not include
antibody constant domains. In another embodiment, Fab’s
lack constant domains which are required for Complement
fixation. ScFvs are composed of an antibody variable light
chain (V) linked to a variable heavy chain (V) by a flexible
hinge. ScFvs are able to bind antigen and can be rapidly
produced in bacteria or other systems. The invention includes
antibodies and antibody fragments which are produced 1n
bacteria and 1n mammalian cell culture. An antibody obtained
from a bacteriophage library can be a complete antibody or an
antibody fragment. In one embodiment, the domains present
in such a library are heavy chain variable domains (V,) and
light chain variable domains (V,) which together comprise
Fv or scFv, with the addition, 1n another embodiment, of a
heavy chain constant domain (C,,, ) and a light chain constant
domain (C,). The four domains (1.e., V,~C,,, and V,-C,)
comprise an Fab. Complete antibodies are obtained in one
embodiment, from such a library by replacing missing con-
stant domains once a desired V,,~V,; combination has been
identified.

Antibodies of the invention can be monoclonal antibodies
(mAb) in one embodiment, or polyclonal antibodies 1n
another embodiment. Antibodies of the mnvention which are
uselul 1n the compositions, methods and kits of the invention
can be from any source, and in addition may be chimeric. In
one embodiment, sources of antibodies can be from a mouse,
or arat, a plant, or a human in other embodiments. Antibodies
of the invention which are usetul for the compositions, and
methods of the mnvention have reduced antigenicity in humans
(to reduce or eliminate the risk of formation of anti-human
antibodies), and 1n another embodiment, are not antigenic 1n
humans. Chimeric antibodies for use the invention contain in
one embodiment, human amino acid sequences and include
humanized antibodies which are non-human antibodies sub-
stituted with sequences of human origin to reduce or elimi-
nate immunogenicity, but which retain the antigen binding
characteristics of the non-human antibody.

In one embodiment, Pdx-1, in addition to its role 1n con-
trolling proliferation, has been implicated in regulation of
3-cell survival. Islets from Pdx-1 haploinsuificient mice show
in another embodiment, increased markers of apoptosis and a
50% reduction 1n p-cell mass at 6 to 12 months of age.
Therefore and 1n one embodiment, increase in p-cell mass
alfected using the methods provided heremn 1s due to
decreased apoptosis of existing {3 cells.

In one embodiment, PDX-1 and cullin-3 compete 1n their
interactions with the PCIF1 POZ domain and in another
embodiment participate together 1n a complex. In another
embodiment, over-expression of PCIF1 and cullin-3 pro-
motes Pdx1 degradation by proteasome. In another embodi-
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ment, in the setting of PCIF1/cullin-3 over-expression reduc-
tion of Pdx-1 1s attenuated by co-administration of MG132,
an established proteasome inhibitor.

In one embodiment, PCTF1 1s a novel regulatory molecule
that interacts with the homeodomain transcription factor
PDX-1. In another embodiment, the PDX-1 C-terminus 1s an
evolutionarily conserved region that mediates both physical
and functional interaction with PCIF1. In one embodiment a
human diabetes causing mutation, E224K, located within this
conserved motif disrupts the functional interaction with
PCTF1, indicating that interaction between PDX-1 and
PCIF1 1s required 1n another embodiment, for normal glucose
homeostasis. In another embodiment, POZ domain interac-
tion with residues in the PDX-1 C-terminus outside the con-

served motif indicates that these mutations could also modity
the 1nteractions with PCIF1.

In one embodiment, both POZ and TRAF domains of
PCIF1 mediate the physical interaction with PDX-1. In
another embodiment ihibiting the interaction between
PCIF1 and PDX-1, increases the concentration of PDX-1 1n
pancreatic p-cell, resulting 1n another embodiment, 1 an
increase in 3-cell mass. Accordingly and 1n one embodiment,
provided herein 1s a method of increasing pancreatic 3-cell
mass 1n a subject, comprising the step of contacting a cell of
said subject with a composition comprising an anti-PCIF1
antibody capable of inhibiting binding of PCIF1 to PDX-1,
thereby increasing pancreatic [3-cell mass in a subject.

In another embodiment, increasing mass or number of
3-cells using the methods provided herein, 1s done ex-vivo, or
in vivo 1n another embodiment.

In one embodiment, the mvention provides a method of
increasing pancreatic p-cell mass 1n a subject, comprising the
step of contacting a cell of the subject with a composition
capable of inhibiting the expression of a nucleotide sequence
encoding PCIF1, thereby increasing pancreatic [3-cell mass 1in
a subject. In one embodiment, the composition used 1n the
methods provided herein, which 1s capable of inhibiting the
expression of a nucleotide sequence encoding PCIF1, com-
prises an agent that 1s a siRNA, a polyamide, a triple-helix-
forming agent, an antisense RNA, a synthetic peptide nucleic
acids (PNAs), an agRNA, a LNA/DNA copolymer, a small
molecule chemical compound, or a combination thereof.

In one embodiment, the agent used 1n the compositions
described herein, which are utilized in the methods provided
herein, 1s a siRNA. In another embodiment, the agent capable
of mhibiting the expression of PCIF1 1s a polyamide. In
another embodiment, the agent capable of inhibiting the
expression of PCIF1 1s a triple-helix-forming agent. In
another embodiment, the agent capable of inhibiting the
expression of PCIF1 1s an antisense RNA. In another embodi-
ment, the agent capable of inhibiting the expression of PCIF1
1s a synthetic peptide nucleic acids (PNAs). In another
embodiment, the agent capable of inhibiting the expression of
PCIF1 1s an agRNA. In another embodiment, the agent
capable of inhibiting the expression of PCIF1 1s a LNA/DNA
copolymer. In another embodiment, the agent capable of
inhibiting the expression of PCIF1 1s a small molecule chemi-
cal compounds, or a combination thereol 1n another embodi-
ment.

In one embodiment, the term “s1iRNA” refers to RNA 1nter-
terence, which 1n another embodiment refers to the process of
sequence-specific post-transcriptional gene silencing 1n ani-
mals, mediated by short interfering RNAs (s1iRNAs). In
another embodiment, the process of post-transcriptional gene
silencing 1s an evolutionarily-conserved cellular defense
mechanism used to prevent the expression of foreign genes.
Such protection from foreign gene expression evolved 1n one
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embodiment, i1n response to the production of double-
stranded RNAs (dsRNAs) derived from viral infection or in
another embodiment, from the random integration of trans-
poson elements into a host genome via a cellular response that
specifically destroys homologous single-stranded RNA of
viral genomic RNA. In one embodiment, the presence of
dsRINA 1n cells triggers the RNA1 response. In one embodi-
ment, the siRNA used 1n the compositions and method pro-
vided herein interteres with the expression of PCIF 1, thereby
increasing [3-cell mass.

In one embodiment, the term “conserved”, refers to amino
acid sequences comprising the peptides or nucleotides
described herein, which remain 1n one embodiment, essen-
tially unchanged throughout evolution, and exhibit homology
among various species producing the protein.

In one embodiment, the terms “homology”, “homologue”™
or “homologous”, indicate that the sequence referred to,
whether an amino acid sequence, or a nucleic acid sequence,
exhibits, 1n one embodiment at least 70% correspondence
with the indicated sequence. In another embodiment, the
amino acid sequence or nucleic acid sequence exhibits at least
712% correspondence with the indicated sequence. In another
embodiment, the amino acid sequence or nucleic acid
sequence exhibits at least 75% correspondence with the 1ndi-
cated sequence. In another embodiment, the amino acid
sequence or nucleic acid sequence exhibits at least 80% cor-
respondence with the indicated sequence. In another embodi-
ment, the amino acid sequence or nucleic acid sequence
exhibits at least 82% correspondence with the indicated
sequence. In another embodiment, the amino acid sequence
or nucleic acid sequence exhibits at least 85% correspon-
dence with the indicated sequence. In another embodiment,
the amino acid sequence or nucleic acid sequence exhibits at
least 87% correspondence with the indicated sequence. In
another embodiment, the amino acid sequence or nucleic acid
sequence exhibits at least 90% correspondence with the 1ndi-
cated sequence. In another embodiment, the amino acid
sequence or nucleic acid sequence exhibits at least 92% cor-
respondence with the indicated sequence. In another embodi-
ment, the amino acid sequence or nucleic acid sequence
exhibits at least 95% or more correspondence with the indi-
cated sequence. In another embodiment, the amino acid
sequence or nucleic acid sequence exhibits at least 97% cor-
respondence with the indicated sequence. In another embodi-
ment, the amino acid sequence or nucleic acid sequence
exhibits at least 99% correspondence with the indicated
sequence. In another embodiment, the amino acid sequence
or nucleic acid sequence exhibits 95-100% correspondence
with the indicated sequence. Similarly, as used herein, the
reference to a correspondence to a particular sequence
includes both direct correspondence, as well as homology to
that sequence as herein defined.

In another embodiment, homology refers to sequence 1den-
tity, or 1n yet another embodiment, may refer to structural
identity, or functional identity. By using the term “homology”
and other like forms, 1t 1s to be understood that any molecule,
whether nucleic acid or peptide, that functions similarly, and/
or contains sequence 1dentity, and/or 1s conserved structurally
so that 1t approximates the reference sequence, 1s to be con-
sidered as part of this invention.

Protein and/or peptide homology for any peptide sequence
listed herein may be determined by immunoblot analysis, or
via computer algorithm analysis of amino acid sequences,
utilizing any of a number of software packages available, via
methods well known to one skilled 1n the art. Some of these
packages may include the FASTA, BLAST, MPsrch or

Scanps packages, and may employ the use of the Smith and
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Waterman algorithms, and/or global/local or BLOCKS align-
ments for analysis, for example.

The presence of long dsRNAs 1n cells stimulates, in
another embodiment, the activity of a ribonuclease III
enzyme referred to as dicer. Dicer 1s involved 1in one embodi-
ment, i the processing of the dsRINA 1nto short pieces of
dsRINA known as short interfering RNAs (siRNAs). Short
interfering RNAs derived from dicer activity are 1n another
embodiment about 21 to about 23 nucleotides 1n length and
comprise about 19 base pair duplexes. Small RNAs function
in one embodiment, by base-pairing to complementary RNA
or DNA target sequences. When bound to RNA, small RNAs
trigger RNA cleavage i another embodiment, or transla-
tional inhibition of the target sequence in another embodi-
ment. When bound to DNA target sequences, small interter-
ing RNAs mediate 1n one embodiment, DNA methylation of
the target sequence.

The presence of long dsRNAs 1n cells stimulates, in
another embodiment, the activity of a ribonuclease III
enzyme referred to as dicer. Dicer 1s involved in one embodi-
ment, i the processing of the dsRINA into short pieces of
dsRINA known as short interfering RNAs (siRNAs). Short
interfering RNAs derived from dicer activity are 1n another
embodiment about 21 to about 23 nucleotides 1n length and
comprise about 19 base pair duplexes. Small RNAs function
in one embodiment, by base-pairing to complementary RNA
or DNA target sequences. When bound to RNA, small RNAs
trigger RNA cleavage i another embodiment, or transla-
tional inhibition of the target sequence in another embodi-
ment. When bound to DNA target sequences, small interfer-
ing RNAs mediate in one embodiment, DNA methylation of
the target sequence.

In one embodiment, the siRNA of the gene encoding
PCIF1 described herein exhibits substantial complementarity
to 1ts target sequence. In another embodiment, “complemen-
tarity” refers to an oligonucleotide has a base sequence con-
taining an at least 15 contiguous base region that 1s at least
70% complementary, or 1n another embodiment at least 75%
complementary, or in another embodiment at least 80%
complementary, or in another embodiment at least 85%
complementary, or in another embodiment at least 90%
complementary, or in another embodiment at least 95%
complementary, or in another embodiment 100% comple-
mentary to an-at least 15 contiguous base region present of a
target gene sequence (excluding RNA and DNA equivalents).
(Those skilled 1n the art will readily appreciate modifications
that could be made to the hybridization assay conditions at
various percentages ol complementarity to permit hybridiza-
tion of the oligonucleotide to the target sequence while pre-
venting unacceptable levels of non-specific hybridization).
The degree of complementarity 1s determined by comparing
the order of nucleobases making up the two sequences and
does not take into consideration other structural differences
which may exist between the two sequences, provided the
structural differences do not prevent hydrogen bonding with
complementary bases. The degree of complementarity
between two sequences can also be expressed 1n terms of the
number of base mismatches present 1n each set of at least 15
contiguous bases being compared, which may range from 0-3
base mismatches, so long as their functionality for the pur-
pose used 1s not compromised.

In one embodiment, the siRNA of the gene encoding
PCIF1 described herein 1s sufliciently complimentary to 1ts
target sequence. In one embodiment, the term “Suiliciently
complementary” refers to a contiguous nucleic acid base
sequence that 1s capable of hybridizing to another base
sequence by hydrogen bonding between a series of comple-
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mentary bases. In another embodiment, complementary base
sequences may be complementary at each position in the base
sequence of an oligonucleotide using standard base pairing
(e.g., G:C, A:T or A:U pairing) or may contain one or more
residues that are not complementary using standard hydrogen
bonding (including abasic “nucleotides”), but 1n which the
entire complementary base sequence 1s capable of specifi-
cally hybridizing with another base sequence under appropri-
ate hybridization conditions. Contiguous bases are at least
about 80% 1n one embodiment, or at least about 90% 1n
another embodiment, or about 100% complementary to a
sequence to which an oligonucleotide 1s intended to specifi-
cally hybridize in another embodiment. Appropriate hybrid-
1zation conditions are well known to those skilled 1n the art,
can be predicted readily based on base sequence composition,
or can be determined empirically by using routine testing
(e.g., See Sambrook et al., Molecular Cloning. A Laboratory
Manual, 2’? ed. (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., 1989).

In one embodiment, minor groove-binding N-methyl pyr-
role (Py) and N-methylimidazole (Im) polyamides (peptides)
unmiquely recognize each of the four Watson-Crick base pairs.
Antiparallel pairing of imidazole with pyrrole (Im/Py) recog-
nizes in one embodiment, a G-C base pair, whereas 1n another
embodiment, a Py/Py pair recognizes either an A-T or T-A
base pair. The binding constant and sequence-specificity of
the Py-Im hairpin polyamides are similar to that of a tran-
scription factor. Therefore, many genes are silenced, 1n other
embodiments, by competitive binding of Py-Im hairpin
polyamides to their regulatory sequences. Gene expression 18
controlled 1n one embodiment, by a combination of multiple
common transcription factors. In one embodiment, inhibition
of gene expression through the binding of Py-Im polyamides
to regulatory sequences 1s unique to a specific gene, and
contains part of the recognition sequence of the transcription
tactor together with the unique flanking sequences. In another
embodiment, targeting Py-Im polyamide to the coding region
1s more straightforward when selecting a unique sequence. In
one embodiment, the agent used to silence the gene encoding
PCIF1 1n the methods and compositions described herein, 1s
Py-Im polyamide specific for the gene’s coding region, or to
regulatory sequences that 1s unique to the gene encoding
PCIF1 1n another embodiment. In one embodiment, the agent
used to silence the gene encoding PCIF1 in the methods and
compositions described herein, 1s a synthetic polyamide
nucleic acid (PNA) specific for the coding region of the gene
encoding variable region of an anti-desmoglein (anti-Dsg)
pathogenic autoantibody, or to 1ts unique regulatory
sequences 1n another embodiment.

In one embodiment, the polyamides used in the composi-
tions and methods described herein, which, 1in another
embodiment are referred to as “peptide nucleic acid” (PNA)
or “synthetic peptide nucleic acids”, are alkylating Py-Im
polyamides that show sequence-specific DNA alkylation. In
another embodiment, alkylation of a template strand in the
gene encoding PCIF1, by Py-Im polyamide-cyclopropylpyr-
roloindole (CPI) conjugates with a vinyl linker results 1n the
production of truncated mRNA, effectively inhibiting tran-
scription of PCIF1 1n vitro. In one embodiment, Py-Im tetra-
hydro-cyclo-propabenzindolone (CBI) conjugates with
indole linkers are the alkylating polyamides used as the agent
capable of inhibiting the expression or function of PCIF1,
because mdole-CBI has increased chemical stability under
acidic and basic conditions.

In another embodiment, oligodeoxynucleotides utilized 1n
methods and compositions described herein inhibit cellular
transcription by binding to duplex DNA to form a triple helix.
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Due to the possibility of long-term inhibition of the gene
product, oligodeoxynucleotides that can bind duplex DNA
have advantages over those that bind mRNA or proteins.
These oligodeoxynucleotides are called 1n one embodiment,
triplex forming oligonucleotides (TFOs). By using DNA-
specific TFOs, the inhibition of expression of several cellular
genes has been demonstrated, including the oncogene,
c-myc, the human immunodeficiency virus-1, the alpha chain
of the mterleukin 2 receptor, the epidermal growth factor
receptor, the progesterone responsive gene and the mouse
insulin receptor. In one embodiment, the oligonucleotides
used 1n the methods and compositions described herein, can
bind to duplex DNA and form triple helices 1n a sequence-
specific manner and will silence expression or function of the
gene encoding PCIF].

In one embodiment, homopyrimidine DNA strand (triplex
forming oligonucleotide, TFO) can bind to a homopurine/
homopyrimide DNA duplex in the major groove by forming
Hoogsteen base pairs with the homopurine strand. The
Hoogsteen base pairing scheme mediates sequence specific
recognition of the double stranded DNA by the TFO where in
one embodiment, an AT base pair 1s recognized by a T; and a
GC base pair by a C that 1s protonated at N3™. In another
embodiment, homopurine strands specifically form a DNA
triplex in which the AT base pair 1s contacted by an A; and the
GC base pair by a G. In one embodiment, the agent capable of
inhibiting the expression or function of the gene encoding
PCIF1 1s a triple-helix-forming agent. In another embodi-
ment, the triple-helix-forming agents are olygonucletides. In
one embodiment, oligonucleotide-mediated triplex forma-
tion prevent transcription factor binding to promoter sites and
block mRNA synthesis mn vitro and i vivo. In another
embodiment, DNA 1ntercalating or cross-linking agents are
used to prolong oligonucleotide-duplex interactions.

In one embodiment, the term “TFO” or “triplex forming
oligonucleotide” refers to the synthetic oligonucleotides of
the present invention which are capable of forming a triple
helix by binding in the major groove with a duplex DNA
structure.

In another embodiment, the term “bases’ refers to both the
deoxyribonucleic acids and ribonucleic acids. The following
abbreviations are used, “A” refers to adenine as well as to its
deoxyribose denvative, “1” refers to thymine, “U” refers to
uridine, “G” refers to guanine as well as its deoxyribose
derivative, “C” refers to cytosine as well as its deoxyribose
derivative. A person having ordinary skill in this art would
readily recognize that these bases may be modified or deriva-
tized to optimize the methods described herein, without
changing the scope of the mnvention.

The term “nucleic acid as used 1n connection with siRNA,
refers 1n one embodiment to a polymer or oligomer composed
of nucleotide units (ribonucleotides, deoxyribonucleotides or
related structural variants or synthetic analogs thereot) linked
via phosphodiester bonds (or related structural varants or
synthetic analogs thereof). Thus, the term refers to a nucle-
otide polymer in which the nucleotides and the linkages
between them are naturally occurring (DNA or RNA), as well
as various analogs, for example and without limitation, pep-
tide-nucleic acids (PNAs), phosphoramidates, phospho-
rothioates, methyl phosphonates, 2-O-methyl rnibonucleic
acids, and the like. In one embodiment, the siRNAs used in
the compositions and methods of the mvention, are nucleic
acid sequences.

In one embodiment oligomeric antisense compounds, par-
ticularly oligonucleotides, are used 1n modulating the func-
tion of nucleic acid molecules encoding PCIF1, ultimately
modulating the amount of the PCIF1 produced. This 1s
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accomplished by providing antisense compounds which spe-
cifically hybridize with one or more nucleic acids encoding
PCIF1. In one embodiment, the terms “target nucleic acid”

and “nucleic acid encoding PCIF1” encompass DNA encod-
ing PCIF1, RNA (including pre-mRNA and mRNA) tran-

scribed from such DNA, and also cDNA derived from such
RINA. The specific hybridization of an oligomeric compound
with its target nucleic acid mterferes in another embodiment,
with the normal function of the nucleic acid. The modulation
of function of a target nucleic acid by compounds which
specifically hybridize to 1t, 1s referred to 1n one embodiment
as “antisense”. In one embodiment, the functions of DNA to
be mterfered with using the antisense oligonucleotides
described herein, which are used 1n the methods and compo-
sitions described herein, include replication and transcrip-
tion. In another embodiment, functions of RNA to be inter-
tered with include all vital functions such as, for example,
translocation of the RNA to the site of protein translation,
translation of protein from the RNA, splicing of the RNA to
yield one or more mRINA species, and catalytic activity which
may be engaged 1n or facilitated by the RNA. The overall
elfect of such interference with target nucleic acid function 1s
modulation of the expression of PCIF1. In one embodiment,
inhibition of gene expression 1s preferred and mRNA 1s a
preferred target. In one embodiment, since many genes have
multiple transcripts, “inhibition” also includes an alteration
in the ratio between gene products, such as alteration of
mRNA splice products.

In one embodiment, specific nucleic acids are targeted for
antisense. “Targeting” an antisense compound to a particular
nucleic acid, in one embodiment, 1s a multistep process. The
process usually begins with the identification of a nucleic acid
sequence whose function 1s to be inhibited. This may be, for
example, a cellular gene (or mRNA transcribed from the
gene) whose expression 1s associated with a particular disor-
der or disease state, or a nucleic acid molecule from an infec-
tious agent. In one embodiment, the target 1s a nucleic acid
molecule encoding PCIF1. The targeting process also
includes 1in another embodiment, determination of a site or
sites within this gene for the antisense interaction to occur
such that the desired effect, e.g., mmhibition of expression of
the protein such as PCIF 1, will result. In one embodiment, an
intragenic site 1s the region encompassing the translation
initiation or termination codon of the open reading frame
(ORF) of the gene. Since, the translation 1nitiation codon 1s 1n
one embodiment 5'-AUG (in transcribed mRNA molecules;
3'-ATG 1n the corresponding DNA molecule), the translation
initiation codon 1s referred to in one embodiment as the “AUG
codon,” the “start codon” or the “AUG start codon”. In
another embodiment, a minority of genes have a translation
initiation codon having the RNA sequence 5'-GUG, 3'-UUG
or 5'-CUQG, and 5'-AUA, 5'-ACG and 5'-CUG and have been
shown to function 1n vivo. Thus, the terms “translation initia-
tion codon’ and “start codon” encompasses in other embodi-
ments, many codon sequences, even though the mitiator
amino acid in each instance i1s typically methionine (in
cukaryotes) or formylmethionine (in prokaryotes). In another
embodiment, “start codon’ and ““translation 1nitiation codon”
refer to the codon or codons that are used 1n vivo to 1mitiate
translation of an mRNA molecule transcribed from a gene
encoding PCIF1, regardless of the sequence(s) of such
codons.

In certain embodiments, a translation termination codon
(or “stop codon™) of a gene may have one of three sequences,
1.e., 5'-UAA, 3'-UAG and 3'-UGA (the corresponding DNA
sequences are S'-TAA, 3'-TAG and 3'-TGA, respectively).
The terms “start codon region” and “translation initiation
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codon region” refer in one embodiment, to a portion of such
a mRNA or gene that encompasses from about 25 to about 50
contiguous nucleotides 1n either direction (1.e., 3' or 3') from
a translation initiation codon. In another embodiment, the
terms “stop codonregion” and “translation termination codon
region” refer to a portion of such an mRNA or gene that
encompasses from about 25 to about 350 contiguous nucle-
otides 1n eirther direction (1.e., 5' or 3") from a translation
termination codon.

The open reading frame (ORF) or “coding region,” refers
in one embodiment to the region between the translation
initiation codon and the translation termination codon, 1s a
region which may be targeted effectively. Other target regions
include in other embodiments, the 5' untranslated region
(5'UTR), referring to the portion of an mRNA 1n the 5' direc-
tion from the translation initiation codon, and thus including
nucleotides between the 5' cap site and the translation 1nitia-
tion codon of an mRNA or corresponding nucleotides on the
gene, and the 3" untranslated region (3'UTR), referring to the
portion of an mRINA 1n the 3' direction from the translation
termination codon, and thus including nucleotides between
the translation termination codon and 3' end of an mRNA or
corresponding nucleotides on the gene. The 5' cap of an
mRINA comprises 1n one embodiment, an N7-methylated
guanosine residue joined to the 5'-most residue of the mRNA
via a 5'-5'triphosphate linkage. The 5'cap region of an mRNA
1s considered to include the 5' cap structure itself as well as the
first 50 nucleotides adjacent to the cap. The 5' cap region 1s a
preferred target region in one embodiment.

Although some eukaryotic mRNA transcripts are directly
translated, many contain one or more regions, known as
“introns,” which are excised from a transcript before 1t 1s
translated. The remaining (and therefore translated) regions
are known as “exons” and are spliced together to form a
continuous mRINA sequence. mRNA splice sites, 1.¢., intron-
exon junctions, may also be target regions 1n one embodi-
ment, and are particularly useful in situations where aberrant
splicing 1s implicated 1n disease, or where an overproduction
of a particular mRNA splice product 1s implicated 1n disease
in other embodiment, such as DM type 11 or pancreatic agen-
es1s. Aberrant fusion junctions due to rearrangements or dele-
tions are also preferred targets. In one embodiment, 1ntrons
can also be effective, and therefore preferred, target regions
for antisense compounds targeted, for example, to DNA or
pre-mRNA.

Once one or more target sites have been 1dentified, oligo-
nucleotides are chosen which are suiliciently complementary
to the target, 1.e., hybridize suiliciently well and with sudfi-
cient specificity, to give the desired effect. In one embodi-
ment, the term “hybridization™ refers to hydrogen bonding,
which may be Watson-Crick, Hoogsteen or reversed Hoogs-
teen hydrogen bonding, between complementary nucleoside
or nucleotide bases. In one embodiment, adenine and thymaine
are complementary nucleotide bases which pair through the
formation of hydrogen bonds. “Complementary,” as used
herein, refers to the capacity for precise pairing between two
nucleotides. For example, 11 a nucleotide at a certain position
of an oligonucleotide 1s capable of hydrogen bonding with a
nucleotide at the same position of a DNA or RNA molecule,
then the oligonucleotide and the DNA or RNA are considered
to be complementary to each other at that position. The oli-
gonucleotide and the DNA or RNA are complementary to
cach other when a suflicient number of corresponding posi-
tions 1n each molecule are occupied by nucleotides which can
hydrogen bond with each other. Thus, “specifically hybridiz-
able” and “complementary” are terms which are used to indi-
cate a sulficient degree of complementarity or precise pairing
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such that stable and specific binding occurs between the oli-
gonucleotide and the DNA or RNA target. It 1s understood 1n
the art that the sequence of an antisense compound need not
be 100% complementary to that of its target nucleic acid to be
specifically hybridizable. An antisense compound 1s speciii-
cally hybridizable when binding of the compound to the
target DNA or RNA molecule interferes with the normal
function of the target DNA or RNA to cause a loss of utility,
and there 1s a sufficient degree of complementarity to avoid
non-specific binding of the antisense compound to non-target
sequences under conditions mm which specific binding 1s
desired, 1.e., under physiological conditions 1n the case of 1n
vivo assays or therapeutic treatment, or 1n the case of 1n vitro
assays, under conditions 1n which the assays are performed.

Antisense compounds are used in one embodiment, as
research reagents and diagnostics. In another embodiment,
antisense oligonucleotides, which are able to inhibit gene
expression, such as the gene encoding PCIF1, with extreme
specificity, are used by those of ordinary skill to elucidate the
function of particular genes. Antisense compounds are used
in another embodiment, to distinguish between functions of
various members of a biological pathway. Antisense modu-
lation 1s, 1n one embodiment of the agents described 1n the
methods and compositions described herein, being harnessed
for research use.

In one embodiment, the specificity and sensitivity of anti-
sense agents described herein, 1s also harnessed for therapeu-
tic uses. Antisense oligonucleotides are employed in one
embodiment, as therapeutic moieties 1n the treatment of dis-
ease states 1n animals and man. In one embodiment, antisense
oligonucleotides are sately and effectively administered to
humans. In one embodiment oligonucleotides are usetul
therapeutic modalities that can be configured to be usetul in
treatment regimes ol cells, tissues and animals, especially
humans.

In one embodiment, the term “oligonucleotide” refers to an
oligomer or polymer of ribonucleic acid (RNA) or deoxyri-
bonucleic acid (DNA) or mimetics thereof. This term
includes oligonucleotides composed of naturally-occurring
nucleobases, sugars and covalent internucleoside (backbone)
linkages as well as oligonucleotides having non-naturally-
occurring portions which function similarly. Such modified
or substituted oligonucleotides are often preferred over native
forms because of desirable properties such as, for example,
enhanced cellular uptake, enhanced affinity for nucleic acid
target and 1ncreased stability 1n the presence of nucleases.

In one embodiment, the oligonucleotides used 1n the meth-
ods and compositions described herein, are synthetic peptide
nucleic acids (PNAs) which interact with the nucleotide
sequence encoding PCIF1, 1n a sequence-specific manner and
silence 1ts expression or function. In another embodiment, the
oligonucleotides used i1n the methods and compositions
described herein, are locked nucleic acid (LNA), which inter-
act with the nucleotide sequence encoding PCIF1, forming a
LNA/DNA co-polymer, 1n a sequence-specific manner and
substantially silence expression or function of the gene
encoding PCIF1.

In one embodiment, the term “locked nucleic acid” (LNA)
refers to a synthetic nucleic acid analogue, incorporating
“internally bridged” nucleoside analogues. Synthesis of
LNA, and properties thereot, have been described by a num-
ber of authors: Nielsen et al, (1997 J. Chem. Soc. Perkin
Trans. 1, 3423); Koshkin et al, (1998 Tetrahedron Letters 39,
4381); Singh & Wengel (1998 Chem. Commun. 1247); and
Singh et al, (1998 Chem. Commun. 455). As with PNA, LNA
exhibits greater thermal stability when paired with DNA, than
do conventional DNA/DNA heteroduplexes. In one embodi-
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ment, LNA can be joined to DNA molecules by conventional
techniques. Therefore, 1n one embodiment, LNA 1s to be
preferred over PNA, for use 1n the agents of the methods and
compositions described herein. In another embodiment, the
target specific regions of the agent that 1s able to imnhibit gene
expression of PCIF1, may comprise LNA and/or PNA and the
arm region comprise DNA, with the agent further comprising
a destabilizing moiety.

In another embodiment, the agent capable of inhibiting
expression or function of the gene encoding PCIF1, 1s an
agPNA. In another embodiment, this antibody is referred to as
antigenic PNA. In one embodiment, the gene encoding
PCIF1, 1s PCIF1.

In one embodiment, PCIF1 affects the development or in
one embodiment, the function of glucagon-producing alpha
cells. Accordingly and i another embodiment, provided
herein 1s a method of increasing glucagon-producing o.-cell
mass 1n a subject, comprising the step of contacting the cell
with a composition comprising a nucleotide sequence
capable of inhibiting the expression of a nucleotide sequence
encoding PCIF1, thereby increasing glucagon-producing
a.-cell mass 1n a subject, wherein said composition comprises
a s1IRNA, a polyamide, a triple-helix-forming agent, an anti-
sense RNA, a synthetic peptide nucleic acids (PNAs), an
agRNA, a LNA/DNA copolymer, a small molecule chemical
compound, or a combination thereof. In one embodiment,
increasing glucagon producing a-cell mass 1 the subject
using the methods and compositions provided herein, 1s due
to increased differentiation of new ¢ cell formation from
undifferentiated progenitors. In one embodiment contacting
the cells 1n the methods provided herein 1s via intravenous
administration. In another embodiment, contacting 1s via
intramuscular administration. In another embodiment, con-
tacting 1s via intraarticular admimstration. In another
embodiment, contacting 1s via intranasal administration. In
another embodiment, contacting 1s via transnasal administra-
tion. In another embodiment, contacting 1s via parenteral
administration. In another embodiment, contacting 1s via oral
administration. In another embodiment, contacting i1s via
aerosolized administration. In another embodiment, contact-
ing 1s via their combination administration.

In one embodiment, reduction of PCIF1 normalizes glu-
cose tolerance 1n subjects expressing Pdxl. In another
embodiment, PCIF1 insuificiency 1s able to normalize glu-
cose tolerance i Pdx1+/- PCIF1 gt/+ mice, indicating 1n
another embodiment, a genetic 1nteraction between PCIF1
and Pdx1 and 1s consistent in another embodiment with the
ability of PCIF1 to negatively regulate Pdx1 activity in cells.
Accordingly and in one embodiment, provided herein 1s a
method of treating glucose intolerance 1n a subject, compris-
ing the step of inhibiting the expression or function of PCIF1
or an encoded protein thereof. In another embodiment, pro-
vided herein 1s a method of inhibiting or suppressing glucose
intolerance 1n a subject, or In another embodiment, provided
herein 1s a method of reducing symptoms associated with
glucose intolerance 1n a subject, comprising the step of inhib-
iting the expression or function of PCIF1 or an encoded
protein thereof. In one embodiment, the compositions pro-
vided heremabove, are used for the method of treating glu-
cose mtolerance 1n a subject, comprising the step of inhibiting
the expression or function of PCIF1 or an encoded protein
thereol.

In one embodiment, glucose intolerance treated using the
methods provided herein comprises diabetes mellitus type 11,
insulin resistance, hyperglycemia or a combination thereof.
Diabetes, hyperglycaemia and impaired glucose tolerance are
endocrine disorders characterised in one embodiment, by
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inadequate production or use of insulin, which affects the
metabolism of carbohydrates, proteins, and lipids resulting in
abnormal levels of glucose 1n the blood. Diabetes refers in one
embodiment to a heterogeneous disease that can be classified
into two major group: Type 1 diabetes (also known as Insulin-
dependent diabetes, IDDM, type I, juvenile diabetes) and
Type 2 diabetes (Noninsulin-dependent diabetes, NIDDM,
type I, maturity-onset diabetes).

In another embodiment, the methods provided herein are
elfective in increasing endogenous levels of PDX-1 1n embry-
onic stem cells. Accordingly and in another embodiment,
provided herein 1s a method of increasing endogenous levels
of PDX-1 in embryonic stem cells (ES) comprising the step of
downregulating the expression of PCIF1 1n the embryonic
stem cells, thereby promoting of -cell differentiation. In
another embodiment, the term “stem cells” refers to undifter-
entiated or immature cells that can give rise to various spe-
cialised cell types. Once differentiated or induced to differ-
entiate, stem cells can be used in another embodiment, to
repair damaged and malfunctioning organs. The stem cells
used in the methods provided herein are of embryonic origin
in one embodiment, or adult origin 1n another embodiment. In
the pancreas, stem cells are present 1n one embodiment within
the adult tissue.

In one embodiment, embryonic stem cells can be 1solated
from the inner cell mass of pre-implantation embryos (ES
cells) or from the primordial germ cells found 1n the genital
ridges of post-implanted embryos (EG cells). When grown 1n
special culture conditions such as spinner culture or hanging
drops, both ES and EG cells aggregate to form embryoid
bodies (EB). EBs are composed of various cell types similar
to those present during embryogenesis. When cultured in
appropriate media, EB can be used to generate in vitro differ-
entiated phenotypes, such as extraembryonic endoderm,
hematopoietic cells, neurons, cardiomyocytes, skeletal
muscle cells, and vascular cells. In one embodiment, contact-
ing the embryonic stem cells with a composition comprising
a s1IRINA, a polyamide, a triple-helix-forming agent, an anti-
sense RNA, a synthetic peptide nucleic acids (PNAs), an
agRNA, a LNA/DNA copolymers, a small molecule chemical
compounds, or a combination thereof capable of mnhibiting
the expression of a nucleotide sequence encoding PCIF1
results 1n differentiation of the stem cells to produce f-cells,
by increasing endogenous levels of Pdx-1.

In one embodiment, downregulating the expression of
PCIF1 gene using the compositions described herein, pre-
vents degradation of PDX-1 protein levels 1in adult human
cells, thereby decreasing [3 cell apoptosis, increasing replica-
tion and differentiation.

In another embodiment, increasing the mass of p-cell using,
the methods and compositions described herein, enables the
transplantation of smaller number of islet cells as a therapeu-
tic in DM patients. Accordingly and 1n another embodiment,
provided herein 1s a method of reducing the number of 1slets
needed to achieve cure 1n a diabetic subject treated with 1slet
transplantation, comprising the step of transplanting in the
subject 1slet cells comprising downregulated PCIF1 expres-
s1on or function, thereby increasing [p-cell mass.

Pancreatic 1slet replacement has been promoted as offering
a “cure” for diabetes. Successiul islet transplantation has
been vigorously pursued for its potential 1n the complete
control of glucose (1.¢. a system with balanced glucose sens-
ing and insulin secretion). In one embodiment, insulin secre-
tion from transplanted islets 1s delayed and diminished when
compared with secretion from a normal or transplanted pan-
creas. In one embodiment, ex-vivo treatment of islet cells
using the methods and composition provided herein,
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increases transplanted cell insulin secretion, or in another
embodiment, shortens the delay 1n insulin secretion by trans-
planted 1slet cells.

In one embodiment, provided herein 1s a method of screen-
ing a set ol compounds for a compound capable of modulat-
ing (3 cell mass. In another embodiment, provided herein 1s a
method of screeming a set of compounds for a compound
capable of increasing new [3 cell differentiation from progeni-
tor cells. In another embodiment, provided herein 1s a method
ol screening a set of compounds for a compound capable of
decreasing {3 cell apoptosis. In another embodiment, provided
herein 1s a method of screening a set of compounds for a
compound capable of increasing replication of existing 3
cells. In another embodiment, provided herein 1s a method of
screening a set of compounds for a compound capable of
increasing differentiation of new o cells from progenitor
cells. In another embodiment, provided herein 1s a method of
screening a set of compounds for a compound capable of their
combination. In another embodiment, provided herein 1s a
method of screening a set of compounds comprising the steps
of: contacting a p cell with a candidate compound; and ana-
lyzing the {3 cell for the expression of PCIF1 gene, or capa-
bility of 1ts encoded protein to bind to PDX-1, whereby a
candidate compound capable of mhibiting the expression of
PCIF1 gene, or capability of 1ts encoded protein to bind to
PDX-1 1s a candidate compound for increasing {3 cell mass,
increasing new [ cell differentiation from progenitor cells,
decreasing p cell apoptosis, increasing replication of existing
3 cells, increasing differentiation of new o cells from pro-
genitor cells, or their combination. In another embodiment,
the compositions provided herein, which are used in the
methods provided herein, comprise a compound 1dentified or
isolated by the screeming methods provided herein.

In one embodiment, contacting a 3 cell with a candidate
compound whereby contacting 1s via intravenous administra-
tion. In another embodiment, contacting 1s via intramuscular
administration. In another embodiment, contacting i1s via
intraarticular administration. In another embodiment, con-
tacting 1s via intranasal administration. In another embodi-
ment, contacting 1s via transnasal administration. In another
embodiment, contacting 1s via parenteral administration. In
another embodiment, contacting 1s via oral administration. In
another embodiment, contacting 1s via aerosolized adminis-
tration. In another embodiment, contacting 1s via their com-
bination administration. In one embodiment, the p-cell1sin a
transgenic mouse which 1s modified to overexpress PCIF1. In
another embodiment, the transgenic mouse does not express
PCIF1, or Pdx-1 1n another embodiment, or any combination
thereol 1n another embodiment.

In one embodiment, contacting the cell of the subject with
the compositions provided herein, as used in the methods
provided herein, comprises harvesting a progenitor cell from
the subject, inducing 3-cell differentiation; increasing 3-cell
mass of the differentiated cell; and returning the p-cells to the
subject.

In one embodiment, provided herein 1s a method of treating,
congenital hyperinsulinism (CHI) in a subject, comprising
the step of contacting the subject with a composition com-
prising a compound capable of increasing the expression of
PCIF1 or 1ts function 1n the subject. Congenital hyperinsulin-
ism (CHI) refers in one embodiment to a disease character-
1zed by persistent msulin secretion despite life-threatening
hypoglycemia. The severity of the disease varies from a mild
form, which responds to treatment with drugs (such as diaz-
oxide) or hormones (like somatostatin), to a severe drug-
resistant form, which may necessitate resection of the pan-
creas. Early diagnosis 1s important to avoid irreversible brain
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damage due to prolonged hypoglycemia. In one embodiment,
the methods provided herein using the compositions capable
of increasing the expression of PCIF1 1n one embodiment, or
bind PDX-1 1n another embodiment, are effective 1n the treat-
ment of refractive CHI.

In one embodiment, ubiquitin-proteasome pathway plays a
role 1 the biogenesis efficiency and surface expression of
B-cell K , ., channels. ATP-sensitive potassium (K ,..».) chan-
nels of pancreatic 3-cells mediate glucose-induced 1nsulin
secretion by linking glucose metabolism to membrane excit-
ability. The number of plasma membrane K ,,, channels
determines the sensitivity of [3-cells to glucose stimulation. In
another embodiment, proteasome inhibitors promote K , -
channel surface expression by increasing channel biogenesis
eificiency rather than affecting other cellular events. In one
embodiment, dominant or recessive mutations in ABCCS8 or
KCNJ11 that reduce or abolish channel activity are the major
genetic cause of the disease. In another embodiment, overex-
pression of PCIF1 and cullin-3 promotes Pdx1 degradation
by proteasome. In another embodiment Pdx1 expression 1s
reduced 1n the setting of PCIF1/cullin-3 over-expression and
this reduction 1s attenuated by co-administration of MG132,
an established proteasome inhibitor. In one embodiment
overexpression ol PCIF1/cullin-3 results 1n targeting of Pdx1
to the proteasome for degradation, occupying proteasome in
the cell, and decrease PDX-1 1n another embodiment, thereby
shifting 1n one embodiment, the equilibrium towards channel
assembly.

Therefore, in one embodiment, provided herein 1s a
method of treating congenital hyperinsulinism (CHI) 1n a
subject, comprising the step of contacting the subject with a
composition comprising a compound capable of increasing
the expression of PCIF1 or 1ts function, PCIF1, a compound
capable of inhibiting the expression of a nucleotide sequence
encoding Pdx-1, an ant1-PDX-1 antibody, a compound 1den-
tified or 1solated using the screening methods provided
herein, or their combination.

The term “about” as used herein means i1n quantitative
terms plus or minus 5%, or in another embodiment plus or
minus 10%, or 1n another embodiment plus or minus 15%, or
in another embodiment plus or minus 20%.

The term “subject” refers 1n one embodiment to a mammal
including a human in need of therapy for, or susceptible to, a
condition or 1ts sequelae. The subject may include dogs, cats,
pigs, cows, sheep, goats, horses, rats, and mice and humans.
The term “subject” does not exclude an individual that 1s
normal 1n all respects.

The following examples are presented 1in order to more
tully 1illustrate the preferred embodiments of the imvention.
They should 1n no way be construed, however, as limiting the
broad scope of the invention.

EXAMPLES
Materials and Methods
Constructs
Expression vectors were full length mouse PDX-1, mouse

PDX-1(1-210), pGBKT7-PDX-1(144-283) and GST-PDX-1
(206-283), rat PDX-1, human PDX-1, zebrafish PDX-1,
Flag-PCIF1, Gal-PDX-1, Gal-4 BCL6 POZ and Gal-4 PLZF
POZ, human PDX-1 wild-type and E224K and GST-TRAF
and GST-POZ, Reporters were the PDX-1-responsive soma-
tostatin promoter reporter (TAAT), 65 SMS-CAT and the
Gal-4-responsive reporters G51bCAT and Gal4SV40Luc.
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Flag-tagged mutants of PCIF1 and Gal4-FCIF constructs
were created by PCR. All constructs were confirmed by
sequencing.
Immunoprecipitation and Western-Blot Analysis

Mouse 1nsulinoma cell line 6 (MING6) cells ware lysed in
150 mM NaCl, 40 mM Tris-HCI, pH 7.6, 10% glycerol and
0.3% NP-40 and immunoprecipitations ware carried out. Pri-
mary antisera were: HDAC3 (mouse, gift from M. Lazar) and
HDAC3 (Santa Cruz: #sc11417); HDAC3 (Santa Cruz #sc-
7899); SMRT (mouse, giit from Mitch Lazar) and SMRT
(ABR, # PAI-842).
Transfection

Hel a cells were transfected with expression and reporter
vectors and an internal control cmv-p galactosidase expres-
sion vector, Chloram-phenicol acetyl transierase, luciferase
and p galactosidase activities were measured.
GST Interactions Assays

Bacterially expressed GST fusion proteins were incubated
with in vitro-transcribed and -translated *>S-labelled full
length PDX1, PDX1(1-21D), PDX1(A210-238), PDXI
(144-283). After washing, proteins bound to glutathione
beads were analyzed by SDS-PAGE.
Immunofluorescence

Transtected cells were stained with a Flag monoclonal
antibody.

Example 1
PCIF1 Inhibits PDX-1 Transactivation

To gain 1nsight into the regulation of PDX-1, the PDX-1
C-terminus was mvestigated as a protein-protein interaction
domain by yeast two-hybrid analysis. Using the PDX-1 C-ter-
minus (AA 206-283) as bait to screen a mouse embryonic day
1’7 library yielded a clone that was called PCIF1 (PDX C-ter-
minus Interacting Factor-1) (FIG. 1). The physical interaction
between PCIF1 and PDX-1 was confirmed 1n vitro by GST
pulldown assay and 1 vivo by co-immunoprecipitation
(colP). In transfected Hela cells, PCIF1 is localized to the
nucleus 1n a speckled pattern, and co-expression of PDX-1
alters the subnuclear distribution of PCIF1. Functionally,
PCIF1 inhibits PDX-1 transactivation of established target
gene promoters 1n a specific and dose-dependent manner that
requires critical amino acids 1n the PDX-1 C-terminus. PCIF1
mRNA 1s enriched 1n adult pancreas, and PCIF1 protein 1s
expressed 1 adult pancreatic insulin-producing 3 cells.
Finally, over-expression of PCIF1 inhibits the rat insulin 1
and rat msulin 2 promoters in the MIN6 1sulinoma {3 cell
line. The co-expression of PCIF1 with PDX-1 1n {3 cells and
its ability to repress PDX-1 transactivation indicate that
PCIF1 modulation of PDX-1 function regulates 3-cell differ-
entiation.

PCIF1 encodes a protein of 374 amino acids with a pre-
dicted molecular weight of 42 kDa and contains an N-termi-
nal TRAF domain (AA 36-142) and a typical POZ domain
(AA 190-297) (FIG. 1). A BLAST search of the PCIF1 clone
identified its human homolog as SPOP (speckle-type POZ
protein), a widely expressed nuclear protein of unknown
function identified 1n an expression screen using the serum of
a scleroderma patient. PCIF1 1s highly conserved, sharing
100% amino acid identity with human SPOP. PCIF1
homologs are present in the D. rerio (zebrafish), D. melano-
gaster and C. elegans databases. The prey plasmid encodes
AA 46-374, which includes a portion of the TRAF and the
entire POZ and C-terminal domains.

The POZ domain 1s an evolutionarily conserved protein-
protein interaction motif, found in diverse proteins including,
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transcription factors, oncogenic proteins, 1on channel pro-
teins, and some actin-associated proteins. The most-well

characterized POZ domain transcription factors are the
human oncogenes PLZF and BCL-6. PLZF (promyelocyte
leukemia zinc finger) translocations have been found 1n
humans with acute promyelocytic leukemia; these transloca-
tions result in the fusion of the PLZF POZ domain and two of
its nine zinc fingers with the retinoic acid receptor (RARa)
gene, which results 1n POZ-domain mediated recruitment of
a histone deacetylase complex and resultant abnormal repres-
sion of RARa target promoters. Recruitment of HDAC/co-
repressor complexes to the POZ domain has been demon-
strated for a number of other POZ domain transcription
factors, including BCL-6, supporting this as a general mecha-
nism for POZ-mediated transcriptional repression.

The TRAF (TNF Receptor-Associated Factor) domain was
originally defined in a famaily of adapter proteins that bind to
the cytosolic tail of TNF receptors. TRAF domains are typi-
cally found at the C-terminus, and they mediate both homot-
rimeric interactions and heterocomplex formation with TNF
receptors, other adaptor proteins, kinases and inhibitor of
apoptosis (IAP) homologs. The PCIF1/SPOP TRAF domain
1s atypically located at the N-terminus and does not seli-
associate, although it does interact weakly 1n vitro with the
related domains from TRAF1 and TRAF6. Deletion of the
TRAF domain from SPOP causes a relocation of SPOP from
nuclear speckles to a diffuse nuclear distribution. SPOP 1n a
yeast two hybrid screen for proteins was 1dentified, which
interact with the distinctive C-terminal domain of
macroH2A1.2, a variant histone that 1s enriched 1n, although
not exclusively localized to, the mactive X chromosome. In
addition to the POZ domain, the PCIF1 TRAF domain could
be involved in mediating repression, via effects on subnuclear
localization of PCIF1 and potentially through modification of
chromatin structure.

In considering whether PCIF1 could regulate PDX-1 pro-
tein stability by enhancing ubiquitination and degradation,
PDX-1 expression levels were closely followed and an alter-
ation in PDX-1 molecular weight or expression level were not
observed 1n the presence of PCIF1. PCIF1 1s the first protein
identified to interact with the C-terminus of PDX-1, and it 1s
the first partner that directly represses PDX-1 transactivation.
The data show that while PCIF1 1s expressed in adult pancre-
atic msulin-producing 3 cells, 1ts expression domain during
embryonic development indicates a broader role 1n the differ-
entiation of the endocrine pancreas. Modulation of PCIF1 1n
a [ cell line (MING6) mfluences 1nsulin promoter activity,
indicating that PCIF1 expression level and/or its ability to
interact with PDX-1 1s a determinant of nsulin gene tran-
scription rate. Domain mapping studies indicate that inhibi-
tion by PCIF1 1s mediated by a short conserved peptide
sequence 1n the PDX-1 C-terminus and that the PCIF1 POZ

domain 1s critically required for inhibition.

Example 2

Endogenous PCIF1 1s Expressed 1n Pancreas and
MING6 Cells

An 1n vivo association of endogenous PDX-1 and PCIF1
proteins 1s also demonstrated 1n MIN6 (FIG. 2) and TC-3
protein extracts. Immunoprecipitation of MING extracts with
a.-PCIF1 cross-linked to agarose beads resulted in the co-IP
of PDX-1 (lane 3), whereas pre-immune control IgG did not
(lane 2). The imteraction in MING6 cells 1s reproducible and
specific but weak, which we can now attribute to the low level
of PCIF1 expression in MING6 cells compared with primary
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pancreatic tissue. The reverse co-I1P using o.-PDX-1 to IP and
a.-PCIF1 to detect remains problematic.

Example 3

PCIF1 1s Expressed During Late Embryonic
Pancreas Development

To correlate protein levels with mRNA levels, quantitative
real time PCR primers for PCIF1 were developed. Total RNA
was 1solated from mouse pancreas at the same embryonic and
postnatal time points. PCIF1 mRNA was expressed through-
out development but was enriched in E18-E19 pancreas (~3.5
told enriched at E18 ¢/w adult pancreas) (FIG. 3). This peak
precedes the peak of PCIF1 protein expression by 24 hours,
turther validating the Western blot detection of PCIF1. We
note a discrepancy between PCIF1 protein and mRNA levels
at E13-E13, indicating a post-transcriptional level of control.

Example 4

Tective PCIF1 siRNA Inhibits PDX-1
Transactivation

[T

The etficacy of a PCIF1 siRNA to reduce PCIF1 expression
was tested. The siRNA was subcloned into the 2.1-U6 neo
pSilencer vector (Ambion) and co-transtected to Hela cells
with PCIF1. As shown in FIG. 4, PCIF1 was well-expressed
in the presence of a pSilencer plasmid expressing a scrambled
control siRNA. In contrast, PCIF1 protein was markedly
reduced 3 days after co-transfection with the PCIF1 siRNA
contaiming plasmid. The effect was more pronounced at 5
days, when PCIF1 protein could no longer be detected (FIG.
4A).

The effect of this sIRNA on PCIF1 function was examined.
Hel a cells were co-transtected with Gal4-PDX-1, the Gal4
reporter G51BCAT, PCIF1 and either control or PCIF]
s1IRNNA plasmid. Control scrambled siRNA had no effect on
the ability of PCIF1 to inhibit PDX-1 transactivation (~60%;
FIG. 4B). In contrast, PCIF1 siRNA augmented Gal4-PDX1
activity 1n both the presence and absence of co-transiected
PCIF1, indicating the efficacy of PCIF1 siRNA to block
PCIF1 function and further indicate that endogenous PCIF1
contributes to PDX-1 activity 1n transiected Hela cells.
PCIF1 siRNA restored PDX-1 transactivation in the presence
of PCIF1 to normal levels by 3 days and was maximal by 5
days. With an effective PCIF1 siRNA already based in a
plasmid vector, its now possible to determine the effect of

PCIF1 deficiency in 8 cell lines.

Example 5

Functional Interaction with PCIF1 Requires
Evolutionarily Conserved AA 210-238 of the PDX-1
C-Terminus

Since PCIF1 binds to the C-terminus of PDX-1, 1t was
hypothesized that the C-terminus would be required for
repression of PDX-1 activity by PCIF1. Indeed, the ability of
PCIF1 to inhibit transactivation was completely abrogated
with the deletion of the PDX-1 C-terminus 1n two indepen-
dent PDX-1 reporter assays. The functional interaction of
PCIF1 with PDX-1 1s also conserved during evolution.
Mouse PCIF1 similarly inhibited transactivation by mouse,
rat, human and zebrafish homologs of PDX-1 (FIG. 8), indi-
cating that PCIF1 interacts with a conserved motif in PDX1.
Comparison of the C-terminus from multiple species reveals
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a highly conserved 14 AA motif (FIG. 10). Remarkably,
deletion of amino acids 210-238, which includes this con-
served motif, from Gal4-PDX-1 (1-238) completely abro-
gated repression by PCIF1. Similarly, when AA 210-238 are
internally deleted from mouse PDX-1, the ability of PCIF1 to
repress PDX-1 transactivation was lost (FIG. 6). In both
assays, the loss of these amino acids was also associated with
an modest overall reduction 1n transactivation. Thus, amino
acids 210-238 o1 PDX-1 encoding the proximal portion of the
C-terminus are essential for PCIF1 inhibition of PDX-1 acti-
vation. These functional data are 1n agreement with GS'T pull
down assays indicating that the C-terminus of PDX-1 medi-
ates the physical interaction with PCIF1.

Example 6
PCIF1 Specifically Inhibits PDX-1 Transactivation

The mouse TD-POZ gene family encompasses 8 intronless
genes that encode proteins with an identical overall domain
structure to PCIF1. To date, only the early expression pattern
of TD-POZ genes 1n 2 cell embryos have been described. To
assess the specificity of PCIF1 1n inhibiting PDX-1, the effect
of 3 highly homologous TD-POZ proteins on PDX-1 trans-
activation was examined. The coding regions of TD-POZ 1, 2
and 3 were cloned 1nto the pcmx-Flag. All were well-ex-
pressed; however, none were effective to inhibit PDX-1 trans-
activation, except for a weak ihibitory effect of TD-POZ 3

(FI1G. 7). Further, the distantly related POZ domain protein
PLZF also has no effect on PDX-1 transactivation (data not
shown). These results indicate the specificity of PCIF1, and
they also provide important comparative sequence informa-
tion that can be used to refine the PCIF 1 amino acid sequences
critical for 1ts ability to inhibit PDX-1 transactivation.

Example 7

The POZ Domain 1s Critically Required for PCIF1
Inhibition of PDX-1 Transactivation

To determine which regions of PCIF1 are required for
interaction with and inhibition of PDX-1, deletion mutants of
PCIF1 were created 1n which the TRAF, POZ or C-terminal
domains were removed (FI1G. 8B). All mutants expressed well
in HelLa cells based on Western blot analysis, except for the
N'T mutant, which could be detected but at significantly lower
levels than full length PCIF1. The N'T mutant also mislocal-
1zes to the cytoplasm when visualized by immunotluores-
cence staining. The lack of inhibition by the NT mutant may
thus relate to 1ts 1nability to physically interact with PDX-1
(FI1G. 8C) as well as to 1ts low level of expression and 1nap-
propriate subcellular distribution 1n transfected cells. Dele-
tion of the C-terminus (AC mutant) and TRAF (PC mutant)
domains did not significantly impair PCIF1 inhibition of
PDX-1. In contrast, internal deletion of the POZ domain
completely abrogated the ability of PCIF1 to inhibit PDX-1
transactivation, (FIG. 8A). GST pull-down assays using the
PC and N'T mutants indicate that the sequences required for
PDX-1 interaction are located in the POZ or C-terminal
domains (FIG. 8C). Further, the residual inhibition by the AC
construct supports the hypothesis that the POZ domain con-
tains the PDX-1 interaction motif (FIG. 8 A). Taken together,
the data indicate a critical role for the POZ domain in PCIF1-
mediated 1inhibition and likely also 1n the physical interaction
with PDX-1, while TRAF and C-terminus may contribute to
tull inhibition by PCIF1.
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Example 8

PCIF1 Inhibits Insulin Promoter Activity in MING6
Cells

Next 1t was determined whether PCIF1 represses insulin
gene transcription in {3 cells using the intact insulin promoter
reporters, rat INS1 CAT and rat INS2 CAT, in MING6 cells.
The rat INS1 promoter had greater basal activity than the rat
INS2 promoter. A dose-dependent inhibition of both report-
ers by PCIF1 (FIG. 9) was observed. Similar results were
observed in the ' TC-3 insulinoma line. Of note, the rat insulin
2 promoter was more sensitive to repression by PCIF1, which
may relate to the presence of fewer homeodomain bmdmg A
box elements and specifically the presence of only one A/E
box enhancer (N1r-P1) in the rat insulin 2 promoter Compared
to the two enhancers (Nir-P1 and Far-FLAT) present 1in the rat
insulin 1 promoter. Similar assays were carried out with the
PCIF1 domain deletions depicted 1n FIG. 8B. In contrast to 1ts
preserved inhibition of Gal4-PDX-1 activity in heterologous
cells, the PC mutant was not only unable to inhibit the 1nsulin
promoter, 1t further increased 1insulin promoter activity 160%,
indicative ol a weak dominant negative effect on isulin pro-
moter activity. These experiments were carried out 1n MING6
cells grown 1n high glucose. Together, the data indicate that
PCIF1 can modulate insulin promoter activity in {3 cell lines,
and are consistent with an 1n vivo role for PCIF1 in modulat-
ing insulin gene expression.

Example 9

Reduction 1n PCIF1 Results 1n Expansion of p-Cell
Area

A gene trap mouse allele that disrupts the expression of
PCIF1 was generated using ES cells targeted by retroviral
isertion of a strong splice acceptor cassette within the first
large non-coding intron of PCIF 1. Blastocysts were 1njected,
chimeras were generated, and germ line transmission was
achieved. Heterozygous and homozygous PCIF18”#" and
PCIF12”* mice of both genders are born in roughly the
expected Mendelian frequencies. Heterozygous mice appear
normal at birth, grow normally postnatally and are fertile.
Homozygous mice die on postnatal day. Preliminary evalua-
tion of lung and pancreas RNA indicates a >99% reduction in
PCIF1 mRNA. It was demonstrated that the remaining exons
of PCIF1 remain intact in genomic DNA from homozygous
mutant mice. Assessment ol pancreatic i1slet architecture
show heterozygous and homozygous PCIF187# and
PCIF18”* mice of both genders have about double the p-cell
area of PCIF1** mice. (see FIG. 10).

In addition, reduction 1n the expression of PCIF1 was dem-
onstrated to delay acinar development 1n pancreatic cells
(FIG. 11), indicating the effect of PCIF1 on cell difierentia-
tion by stabilizing levels of PDX-1 (see FIG. 12). Likewise
see elfect of the reduction in PCIF1 and PDX-1 stabilization
on [-cell mass in 4 month old males (FIG. 16)

Example 10
Reduction of PCIF1 Normalizes Glucose Tolerance

As shown 1n FIG. 13, reduction of PCIF1 normalizes glu-
cose tolerance 1n Pdx1+/— mice: 10-12 week old wild-type,
Pdx1+/—, PCIF1 gt/+ and Pdx-1+/- PCIF1 gt/+ females lit-
termates were administered 2 g/kg body weight glucose intra-
peritoneally, Glucose was measured at 0, 15, 30, 60, 90 and
120 minutes after glucose administration. Statistical signifi-
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cance was determined by ANOVA. Pdx1+/- mice are glucose
intolerant, similar to previous reports by several groups.

PCIF1 gt/ + mice were similar to wild-type littermates. Strik-
ingly, PCIF1 haploinsuificiency was able to normalize glu-
cose tolerance in Pdx1+/— PCIF1 gt/+ mice. Further, Pdx1+/—
mice exhibited a reduction 1in msulin producing [ cell mass,
which was normalized by PCIF1 msuificiency (FIG. 16),
indicating a genetic interaction between PCIF1 and Pdx1 and
consistent with the ability of PCIF1 to negatively regulate
Pdx1 activity 1n cell based assays.

IG. 14, Pdx1™~ PCIF1%"* female mice

As shown 1n F.
exhibited fasting hyperglycemia and hyperglucagonemia,
indicating an additional role for PCIF1 in the development or
function of glucagon-producing alpha cells.

Example 11

Over-Expression of PCIF1 and Cullin-3 Promotes
Pdx1 Degradation

Over-expression of PCIF1 and cullin-3 promotes Pdx]
degradation by the proteasome: Expression plasmids for
PCIF1, Pdx1 and cullin-3 were transfected into 293T cells
and protein extracts were prepared and resolved by SDS-
PAGE. As shown in FIG. 15, Pdx1 expression 1s reduced 1n
the setting of PCIF1/cullin-3 over-expression and this reduc-
tion 1s attenuated by co-administration of MG132, an estab-
lished proteasome inhibitor. Further, PCIF1 and cullin-3 pro-
mote Pdx1 polyubiquitination (FIG. 17). Co-expression of
PDX1, PCIF1 and cullin-3 along with myc-tagged Ubiquitin,
followed by precipitation with myc-Sepharose and Western
blotting for Pdx1 reveals a ladder of polyubiquitinated Pdx1
(lane 6). A mutant form of cullin3 that 1s not able to interact
with the POZ domain does not support Pdx1 polyubquitina-
tion. Taken together, the data indicate that PCIF1 and cullin-3
promote Pdx1 ubquitination, thereby directing Pdx1 for pro-
teasomal degradation.

Having described preferred embodiments of the invention
with reference to the accompanying drawings, it 1s to be
understood that the invention 1s not limited to the precise
embodiments, and that various changes and modifications
may be eflected therein by those skilled 1n the art without
departing from the scope or spirit of the imnvention as defined
in the appended claims.

What 1s claimed 1s:

1. A method of increasing pancreatic p-cell mass in a
subject, comprising the step of contacting a cell of said sub-
ject with a composition comprising: an anti-C-terminal inhib-
iting factor 1 (ant1-PCIF 1) antibody capable of inhibiting the
binding of C-terminal mhibiting factor 1 (PCIF1) to pancre-
atic and duodenal homeobox 1 (PDX-1), thereby increasing
pancreatic p-cell mass 1n said subject.

2. A method of increasing glucagon-producing c.-cell mass
in a subject, comprising the step of contacting a cell of said
subject with a composition comprising an anti-C-terminal
inhibiting factor 1 (anti-PCIF1) antibody capable of inhibait-
ing the binding of C-terminal inhibiting factor 1 (PCIF1) to
pancreatic and duodenal homeobox 1 (PDX-1), thereby
increasing glucagon-producing c.-cell mass 1n said subject.

3. A method of treating glucose intolerance 1n a subject,
comprising the step of contacting a cell of said subject with a
composition comprising an anti-C-terminal inhibiting factor
1 (ant1-PCIF1) antibody capable of inhibiting the binding of
C-terminal inhibiting factor 1 (PCIF1) to pancreatic and
duodenal homeobox 1 (PDX-1), thereby treating glucose
intolerance in said subject.
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